To examine the effects of long-term intermittent dobutamine infusion, combined with oral amiodarone in patients with congestive heart failure (CHF) refractory to standard medical treatment. Design: Prospective, randomized, double-blind, placebo-controlled clinical trial. Setting: Inpatient and outpatient heart failure clinic in a university teaching hospital. Patients and interventions: Thirty patients with end-stage CHF refractory to standard medical treatment who could be weaned from dobutamine therapy after a first 72-h infusion were randomized in a double-blind manner to receive IV infusions of placebo (group 1; 14 patients) vs dobutamine in a dose of 10 g/kg/min (group 2; 16 patients) for 8 h every 14 days. All patients received standard medical therapy and also were treated with oral amiodarone, 400 mg/d, which was started at least 2 weeks before randomization. Measurements and results: Kaplan-Meier survival analysis showed a 60% reduction in the risk of death from any cause in the group treated with the combination of dobutamine and amiodarone, compared with the group treated with placebo and amiodarone (hazard ratio, 0.403; 95% confidence interval, 0.164 to 0.992; p ‫؍‬ 0.048). The 1-year and 2-year survival rates were 69% and 44%, respectively, in the dobutamine-treated group, vs 28% and 21%, respectively, in the placebo-treated group (p < 0.05 for both comparisons). Median survival times were 574 and 144 days, respectively, for groups 2 and 1. At 6 months, the New York Heart Association functional class was significantly improved in the patients who survived from both groups. Conclusions: Long-term intermittent dobutamine infusion combined with amiodarone added to the conventional drugs improved the survival of patients with advanced CHF that was refractory to conventional treatment.
C
ongestive heart failure (CHF) is usually associated with progressive deterioration of left ventricular (LV) function and a poor long-term prognosis. 1 Patients with severe CHF have a 1-year mortality rate that can exceed 50% 2 and have a high incidence of ventricular arrhythmias, and Ͼ 40% of them die suddenly. 3 The long-term oral administra-tion of most positive inotropic agents is associated with increased mortality. 4 -7 Digoxin remains the only oral positive inotropic agent without an adverse long-term effect on survival. 8 Positive inotropic
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agents administered IV improve the hemodynamics of patients with acute and chronic heart failure. However, data from randomized trials suggest that long-term treatment with positive inotropic agents decreases the survival of patients with heart failure, regardless of the agent used. 9 Despite their negative effect on survival, positive inotropic agents are commonly used in the management of severe chronic heart failure. In addition, there are data from nonrandomized studies suggesting that the use of positive inotropic agents in combination with ␤-blockers 10 or amiodarone 11 might be useful in a subset of patients with end-stage heart failure.
Amiodarone, a potent antiarrhythmic agent 12 with antiadrenergic properties 13, 14 has a minimal negative inotropic effect 13 and may prolong the survival of patients with heart failure. 14 Dobutamine, a potent inotropic agent, improves the hemodynamic and clinical conditions of patients with CHF who are refractory to standard medical treatment, [15] [16] [17] [18] but does not increase their survival. 19 Studies of oral inotropic agents have suggested that the number of hospitalizations and deaths from heart failure may be increased. However, because a proarrhythmic effect of dobutamine 20 appears to play a pivotal role in the increased mortality of patients treated with longterm intermittent dobutamine infusion, we postulated that adding amiodarone to dobutamine treatment would prevent the deleterious effects on survival associated with dobutamine treatment.
In a previous nonrandomized study, 11 we found that long-term intermittent dobutamine infusions combined with oral amiodarone and standard medical therapy improved the survival of patients with refractory CHF, when compared with patients receiving long-term intermittent dobutamine infusions and standard medical treatment but no amiodarone. We hypothesized that a synergistic effect of amiodarone and dobutamine improved survival in these patients. The purpose of this study was to test this hypothesis in a randomized, double-blind protocol.
Materials and Methods

Patient Selection
This randomized, double-blind, placebo-controlled study included 30 patients with CHF that was refractory to standard therapy, including digoxin, enalapril, spironolactone, and diuretics, who could be weaned from an initial 72-h infusion of dobutamine.
All patients were treated with amiodarone, 400 mg/d, but those with an internal cardioverter defibrillator were treated with 800 mg/d, in addition to standard therapy. All patients previously had not responded to oral metoprolol, 6.25 mg bid, demonstrating clinical deterioration that was resistant to a diuretic dose increase. Treatment with amiodarone was started at least 2 weeks before randomization to biweekly 8-h IV infusions of placebo (group 1) vs biweekly 8-h IV infusions of dobutamine, 10 g/kg/min, in the same vehicle as group 1 (group 2). Nine patients with decompensated CHF who could not be weaned from IV dobutamine therapy were not enrolled in the study. Randomization was stratified based on the presence vs absence of coronary artery disease using a randomized block ( Table 1 ). The ethical review board of our institution approved this study, and all patients had granted their written informed consent to participate.
Study Design
Thirty patients enrolled in the study based on an assumed prespecified difference of at least 262 days between the two treatment groups, a two-sided significance level of 0.05, and power of 80%. Patients were allocated to treatment at random, in a 1:1 ratio. One interim analysis was planned and performed.
Patients with decompensated chronic CHF, despite receiving optimal standard management, were hospitalized for the initia- *Values given as mean Ϯ SD, unless othewise indicated. ACEI ϭ angiotensin-converting enzyme inhibitor; CAD ϭ coronary artery disease; PAP ϭ pulmonary arterial pressure; PCWP ϭ pulmonary capillary wedge pressure; PVR ϭ pulmonary vascular resistance; RVSP ϭ right ventricular systolic pressure.
tion of continuous IV dobutamine infusion of 10 g/kg/min for up to 72 h. All patients who could be weaned from the dobutamine infusion within 72 h were treated with oral amiodarone, 400 mg/d for at least 2 weeks, and subsequently were rehospitalized and randomized to group 1 vs group 2. The first infusion began 2 weeks after the initial stabilization and was continued every 2 weeks thereafter, even if there was clinical improvement. If a patient's clinical and/or hemodynamic condition worsened, weekly infusions of placebo or dobutamine were started. Subsequently, if the clinical condition remained unchanged after 2 weekly infusions or worsened, at any time during follow-up, the randomization code was broken, and the patient began receiving weekly infusions of dobutamine as destination therapy or until cardiac transplantation for the listed candidates. All patients underwent a baseline clinical and laboratory evaluation, including echocardiography and radionuclide ventriculography to measure LV ejection fraction (LVEF). These tests were repeated at 3 and 6 months of follow-up, along with an exercise stress test.
The primary end point of the study was death from any cause. Secondary end points were changes in functional status, hemodynamic variables, LVEF, LV dimensions, arrhythmias, and maximum oxygen uptake (V o 2 ). All patients were evaluated before infusion for their clinical situation and biochemical status.
Statistical Analysis
The Kaplan-Meier method was used to estimate the 1-year and 2-year survival curves for each treatment group. The log-rank statistic was used to compare differences between groups in the primary end point (death from any cause). Cox proportional hazards regression analysis was used with dobutamine treatment as a variable to estimate relative risks, 95% confidence intervals (CIs) and corresponding p value. Analyses were performed according to the intention-to-treat principle, including the patients placed on weekly infusions of dobutamine because of the deterioration of their clinical status.
The Student t test was used for unpaired observations to evaluate differences between secondary end point variables in the two groups. In patients who had two repeat evaluations, the Student paired t test was used to identify changes with time in the same group of patients. When the underlying assumptions of the t test models were violated, the Mann-Whitney U test or the Wilcoxon test was used.
Results
Patient Groups
Group 1 included 14 patients (mean [Ϯ SD] age, 61 Ϯ 8.2 years) who received biweekly placebo infusions, and group 2 included 16 patients (mean age, 64 Ϯ 9.9 years) who received biweekly dobutamine infusions. In both groups, randomization and IV infusions were started 2 weeks after they had stabilized from an episode of cardiac decompensation that was refractory to standard treatment. All patients received long-term amiodarone therapy, 400 mg/d, orally in addition to standard medical therapy. All patients had a radionuclide LVEF of Ͻ 35%. There were no differences between the two groups with respect to clinical or hemodynamic status, biochemical measurements, or drug regimens ( Table 1) .
Four of 14 patients (28%) in group 1 crossed over to dobutamine therapy after 3, 12, 16, and 51 weeks of placebo treatment. Clinical deterioration also was observed in 4 of 16 patients (25%) in group 2 after 16, 20, 36, and 52 weeks of treatment, and thereafter they were treated with weekly dobutamine infusions. Figure 1 . Kaplan-Meier cumulative survival times of patients with CHF refractory to standard therapy. Patients in group 1 were treated with intermittent placebo infusion plus oral amiodarone, and patients in group 2 were treated with intermittent dobutamine infusion plus oral amiodarone. The 1-year survival rate was 69% in group 2, vs 28% in group 1 (p ϭ 0.0187). The corresponding 2-year survival rates were 44% and 21%, respectively (p ϭ 0.041).
Patient Survival
The Kaplan-Meier estimates of survival for 1 year were 69% in group 2 vs 28% in group 1 (p ϭ 0.0187). Two-year survival rate estimates were 44% vs 21%, respectively, in group 2 vs group 1 (p ϭ 0.0412) [ Fig  1] . The combination of dobutamine and amiodarone in addition to standard treatment (group 2) was associated with a 71% reduction in the risk of death from any cause (hazard ratio, 0.294; 95% CI, 0.1 to 0.869; p ϭ 0.027) at 1 year and a 60% risk reduction at 2 years (hazard ratio, 0.403; 95% CI, 0.164 to 0.992; p ϭ 0.048). The median survival time was 574 days for dobutamine-treated patients (group 2) and 144 days for group 1 patients. At the final analysis (mean of the two groups median duration of followup, 359 days; range, 7 to 728 days), 9 deaths had occurred in group 2, and 11 deaths had occurred in group 1. There were seven survivors in group 2 (44%) vs three survivors in group 1 (21%). Table 2 lists the causes of death. End-stage heart failure was the cause of death in 64% of patients in group 1, and in 67% of patients in group 2 (p ϭ 0.890).
Hemodynamic Measurements at 3 Months
There were no significant changes in LVEF or pulmonary capillary wedge pressure (PCWP) at 3 months of follow-up in either group (Table 3) . However, at 6 months, PCWP had significantly decreased from 32 Ϯ 5.4 mm Hg to 26 Ϯ 7 mm Hg in group 2 (p ϭ 0.012).
Functional Evaluation at 3 and 6 Months
At the 3-month follow-up, the functional status of group 1 patients improved significantly from a mean New York Heart Association (NYHA) class 4.0 to 3.2 Ϯ 0.9 (p ϭ 0.048; nine patients). In group 2, the mean NYHA functional class decreased from 4.0 to 2.8 Ϯ 0.7 (p ϭ 0.001; 13 patients). The maximum mean V o 2 in patients able to undergo cardiopulmonary exercise testing was 12.9 Ϯ 3.5 mL/kg/min in group 1 (five patients) and 12.8 Ϯ 3.1 mL/kg/min in group 2 (nine patients) [ Table 3 ].
At 6 months, the mean NYHA functional class was 2.2 Ϯ 0.9 in group 1 (p ϭ 0.035 vs baseline; four patients), and the mean peak V o 2 was 13.2 Ϯ 1.9 mL/kg/min (three patients). In group 2, the mean NYHA class was 2.3 Ϯ 0.5 (p ϭ 0.001 vs baseline; 10 patients), and the mean peak V o 2 was 12.6 Ϯ 2.4 mL/kg/min (six patients).
Discussion
Long-term intermittent dobutamine infusions combined with oral amiodarone resulted in a significant increase in the survival of patients with severe CHF that is refractory to standard medical treatment, including amiodarone. Patients in the control group received optimal medical care with digoxin, furosemide, spironolactone, enalapril, amiodarone, and intermittent placebo infusions, from the same heart failure specialists who managed the patients in group 2. All patients were admitted to the same ICU and received the same level of medical care, including infusions of dobutamine or placebo in a double-blind manner. Treatment with amiodarone hid the effect of dobutamine on heart rate, such that physicians and patients remained unaware of the treatment assignment. The 1-year mortality rate of 72% and the median survival time of 144 days in the control group were similar to the 75% 1-year mortality rate and the 150-day median survival time reported in the Randomized Evaluation of Mechanical Assistance for the Treatment of Congestive Heart Failure (REMATCH) study. 21 These similarities corroborate the severity of the heart failure of the patients included in this study.
Strikingly, the 31% 1-year mortality rate and the median survival time of 574 days in our patients who were treated with intermittent dobutamine infusions and oral amiodarone were similar to, if not better than, the 48% 1-year mortality rate and the 408-day median survival time reported in the LV assist device group of the REMATCH trial. 21 These similarities emphasize the significant reduction of the mortality rate by the dobutamine infusions combined with oral amiodarone therapy. Our patients had a somewhat higher LVEF than that reported for patients in the REMATCH trial. This difference may be attributed to an amiodarone effect as was shown in the Congestive Heart Failure: Survival Trial of Antiarrhythmic Therapy study. 22 Furthermore, 50% of our patients had moderate-to-severe mitral regurgitation, which may have contributed to a higher LVEF measurement in our study.
The patients included in the present study had severe cardiac disease. The mortality rate in the control group was higher than that reported by other randomized trials of treatment for heart failure. 4 -8,14,19,23 Patients in both groups who were able to undergo exercise testing at 3 and 6 months of follow-up had a mean peak V o 2 of only 12.8 Ϯ 3.1 mL/kg/min, which is highly predictive of early mortality. 24 The remaining patients who were unable to exercise may have been in even worse condition than those who underwent exercise testing.
There are no precise guidelines for the management of patients with chronic LV systolic dysfunction who present with decompensated heart failure despite optimal therapy with angiotensin-converting enzyme inhibitors, spironolactone, digoxin, and diuretics. These patients can present with symptoms of volume overload or low cardiac output in the absence of volume overload. Intermittent dobutamine infusion is commonly used in these patients for the relief of symptoms and to improve quality of life, despite the expected increased mortality. The quality of life of the survivors in the dobutaminetreated group 2 seemed to be better during the first 3 months of treatment, based on the tendency for a better functional status (mean NYHA classification: group 2, 2.8 Ϯ 0.7 [13 patients]; group 1, 3.2 Ϯ 0.9 [nine patients]) and on the number of patients who were able to undergo cardiopulmonary exercise testing (group 2, 9 of 13 survivors [70%]; group 1, 5 of 9 survivors [55%]). At 6 months of follow-up, only 4 patients were alive in group 1, and their quality of life seemed to be comparable to that of the 10 survivors in group 2. 25 In this study, treatment with intermittent dobutamine infusions in patients with severe heart failure who were receiving optimal medical treatment plus therapy with oral amiodarone was associated with a 57% relative reduction in death rate during the 1-year follow-up period and a 41% absolute reduction in mortality at 1 year. These findings imply that, for every 1,000 patients with end-stage heart failure, intermittent dobutamine infusions combined with oral amiodarone therapy could prevent an estimated 410 deaths annually. This treatment effect is commensurate with that of the implantation of an LV assist device, which has been estimated to prevent 270 deaths for every 1,000 patients who undergo its implantation. 21 Dobutamine exerts a sustained therapeutic effect, lasting up to 10 weeks after a single 72-h continuous infusion in patients with CHF. 26 The management of CHF with long-term, weekly, 48-h dobutamine infusions produces significant and sustained hemodynamic and clinical improvements, 16 -19 although it does not prolong survival. 19 The increased death rate in patients treated with long-term, intermittent dobutamine infusions is most likely due to a proarrhythmic effect. 20, 27 In patients with severe CHF, treatment with amiodarone was associated with an early decrease in sudden death rate, and a late decrease in mortality due to progressive heart failure. 12 It is noteworthy that no study has shown a negative effect of amiodarone on survival. A meta-analysis of 13 randomized studies with amiodarone in patients with systolic LV dysfunction showed a 13% reduction of the risk of death. 28 This decrease in mortality by amiodarone has been attributed to its antiarrhythmic 12, 29 and antiadrenergic properties. 30 In this study, an 8-h dobutamine infusion was chosen, as it has been found to promote sustained improvements in LV function with minimal tachyphylaxis, 31 and is of sufficient duration to correct fluid retention, electrolyte abnormalities, and azotemia in patients with severe CHF. Although the sustained clinical and hemodynamic improvements that we noted may have been multifactorial, we believe that they are most likely attributable to dobutamine. Suggested beneficial dobutamine effects include a conditioning effect, 32 cellular changes in myocardial energetics and peripheral muscle, 33 an improvement in myocardial mitochondrial structure, an increase in the myocardial adenosine triphosphate/creatinine ratio, an increase in subendocardial blood flow, 34 and normalization of ventricular vascular coupling. 35 The lower mortality rate that we observed is probably attributable to a synergistic effect of dobutamine and amiodarone. Whereas the intermittent dobutamine infusion administered to patients in group 2 is known to increase mortality, 9 we expected the salutary effect of amiodarone to be similar in both groups. The reduction in mortality rate associated with intermittent dobutamine infusions goes against the effect expected from the administration of this type of pharmaceutical. The possible explanations for this effect may be that (1) dobutamine improved or at least stabilized the patients' hemodynamic and clinical status, and prevented deaths due to the progression of heart failure, and (2), while amiodarone has no affinity to ␤-adrenergic receptors and does not affect basal or isoproterenol-induced intracellular cyclic adenosine monophosphate levels, it down-regulates the density of cardiac ␤-adrenergic receptors acting as a triiodothyronine antagonist. 36, 37 In addition, amiodarone suppressed spontaneous life-threatening arrhythmias, 12, 29 as well as arrhythmias induced by dobutamine, 19 such that, by preventing the additional dobutamine-induced arrhythmic deaths, the net effect was a decrease in mortality related to hemodynamic and clinical improvement or stabilization. This hypothesis is supported by the similar proportions of sudden death relative to all deaths in both groups. Furthermore, these results are concordant with those of studies of combined enoximone and metoprolol administration in addition to standard medications, 10 and with the results of our previous nonrandomized study using intermittent dobutamine infusions combined with oral amiodarone. 11 
Study Limitations
The most important limitation of our study was the small number of patients in each subgroup. However, these favorable and impressive results have encouraged us to plan a larger randomized study. To recruit a larger number of patients, we intend to include NYHA class IV patients, as well as patients with less severe heart failure than those included in this study.
Conclusion
Our results suggest that long-term, intermittent dobutamine infusions combined with amiodarone therapy, in addition to standard therapy, improve the survival of patients with severe CHF. Furthermore, this study suggests that the combination of inotropic agents with antiadrenergic and powerful antiarrhythmic agents should be evaluated with respect to its effect on survival in CHF patients, as well as its effect on the natural history of heart failure.
